Background and Objectives: Elevated blood lipid levels are correlated with risk of cardiovascular disease, especially in overweight individuals. The beneficial effect of strength training on lipid profile has been well documented. However, the effect of strength training with flow blood restriction has not been established. The purpose of this study was to compare the effect of eight weeks of strength training with and without blood flow restriction on some of the cardiovascular risk factors in overweight females.
traditional strength training (10, 11) . Most studies conducted on the effect of strength training on the risk factors of CVD have utilized traditional strength training at high intensities, which might not be suitable for all individuals. Strength training with blood flow restriction influences muscle hypertrophy, which can affect the metabolism of fat and carbohydrates (12) . In addition, high intensity-strength training might be difficult for some individuals. Therefore, the present study evaluated the effect of eight weeks of strength training with/without blood flow restriction on some risk factors of CVD in overweight females.
MATERIAL AND METHODS
The study protocol was approved by the Research Ethics Committee of Islamic Azad University of Sari (Iran), and registered at the Iranian Registry of Clinical Trials (IRCT201709436061N1). The study was performed on 28 overweight female volunteers aged 18-24 years with body mass index (BMI) of >25. All participants were asked to give written consent, were familiarized with the training program and informed about the possible risks and benefits of the study. They were randomly divided into blood flow restriction training (BFRT, n=9), traditional resistance training (TRT, n=9) and control (n=10) groups. At baseline, BMI, resting heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP) and lipid profile were evaluated. The tests were repeated for all groups after eight weeks. The participants in the BFR and TRT groups performed regular resistance training for eight weeks, whereas those in the control group did not perform any exercise. All participants were advised to keep their habitual diets, and instructed not to take fried foods and high sugar foods during the intervention period. The participants performed resistance training three times a week for eight weeks. The training consisted of a 5-minute warm-up, resistance exercise training, and 5-minute cool-down. The warm-up and cool-down were performed by stretching and treadmill walking at a constant speed and inclination. The main workout program comprised of leg extension and biceps, back-leg, triceps and leg press. The movements were focused on utilizing the large muscles of the body. The order of the
INTRODUCTION
Obesity is a major health problem associated with several other risk factors of coronary heart disease such as hypertension, dyslipidemia and glucose intolerance. Body fat distribution is also associated with the risk of cardiovascular disease (CVD). Several factors including abdominal obesity (waist-hip ratio), hypertension, high cholesterol and triglyceride levels, stress and smoking influence the risk of CVD (1). Meanwhile, low blood pressure in normal people significantly reduces the risk of CVD (2) . CVD is the leading cause of death worldwide. According to the statistics of the Iranian Ministry of Health, CVD is responsible for 38.5% of all deaths in Iran (3). The LDL/HDL ratio can be used for predicting the risk of coronary heart disease, especially atherosclerosis.
Furthermore, the cholesterol/LDL ratio is one of the best risk indicators of coronary artery disease (4). Several studies have investigated the effect of exercise on the risk factors of CVD. Most of these studies indicated that regular exercise has beneficial effects on the risk factors. However, majority of these studies have focused on endurance training and limited number of studies have assessed the effect of strength training. There are also some inconsistencies regarding the effects of strength training on the risk factors of CVD. For instance, a study showed that 10 weeks of strength training significantly reduces the waist-hip ratio (WHR) without affecting LDL and triglyceride levels (5) . Meanwhile, another study demonstrated that strength training has beneficial effects by lowering blood pressure and lipid profile (6) . Some studied reported that strength training has no effect on the lipid profile (7, 8) . The inconsistency in the results of these studies could be related to the intensity of training. Strength training with blood flow restriction (occlusion training) has been recently proposed as a new type of strength training. In this type of training, individuals perform strength training at low intensity by fastening a light and flexible rubber band around the upper part of arm or thigh to create a suitable surface pressure (9) . Intensity of the trainings is usually equivalent to daily activities and endurable for most people with different physical characteristics. Some studies indicated that training with blood flow restriction has the same advantages of the 32/ Clinical Evaluation of. . . Waist and hip circumferences were measured using a measuring tape. BMI was calculated as weight (Kg)/height squared (m 2 ), and SBP and DBP were measured in sitting position using an inflatable cuff and mercury sphygmomanometer before and after the exercise. Blood sample was taken from the antecubital vein following a 12-hour overnight fast. Biochemical tests including total cholesterol (TC), high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL-C) and triglycerides (TG) were carried out by enzymatic colorimetric method using Pars Azmoon kits (Iran). Lipid profile was determined 24 hours before the training program started (pretest) and 24 hours after the last training session (posttest). It should be noted that all participants were in the same menstrual cycle at the time of sampling. Statistical analysis was performed in SPSS software (version 20) . Differences in the variables were assessed using one-way analysis of variance and Tukey post hoc test. The pretest and posttest data were analyzed using paired sample t-test. The results are expressed as mean ± standard deviation (SD). P-values less than 0.05 were considered statistically significant.
RESULTS
Based on the anthropometric characteristics of the participants, there was no significant difference in the body mass (F=1.264, p=0.267), BMI (F=1.719, p=0.364), WHR (F=0.867, p=0.543), DBP (F=1.019, p=0.679) and SBP (F=1.179, p=0.414) between the study groups (Table 1) . After the eight-week intervention, BMI decreased by 6.63% and 18.75% and WHR decreased by 16.63% and 18.75% in the BFR and TRT groups, respectively. The variables remained almost constant in the control group. movements was designed in a way to utilize frequently upper and lower body muscles (13) . For all movements, 1-repetetion maximum (1RM) was measured for each subject at the beginning of the eight-week training program. The BFR group was subjected to a BFR stimulus and completed 30 repetitions followed by three sets of 15 repetitions (1×30+3×15) at 30% of 1RM. The TRT group was not subjected to BFR but performed three sets of 10 repetitions at 65-80% of 1RM. The participants in the TRT group performed trainings at 65% of 1RM for the first two weeks, but the intensity increased gradually by 5% of 1RM every two week. The 1RM was measured every two weeks and then the training intensity was set accordingly. Rest between the sets and the stations lasted 1-1.5 minutes and 3-4 minutes, respectively (13) . In order to determine individual's cuff pressure, in a pilot study, a number of BFR participants with different arm and thigh sizes completed a test to determine the maximum limb occlusion pressure (LOP). In order to establish maximum LOP, the participants were asked to lie down in supine position while a blood pressure cuff was attached to their proximal thigh or arm (14). A Doppler probe (Ultrasound Technologies Ltd, Caldicot, UK) was used to detect the auscilatory pulse at the medial malleolus of the right leg tibia. The blood pressure cuff was inflated to 50 mmHg for 30 seconds and then increased in 40 mmHg increments until the arterial pulse was no longer detectable. The pressure was then decreased until the pulse was detected again. Maximum LOP was determined as the greatest pressure at which the arterial pulse was not detected (15) . The BFR protocol placed the participants under 70% LOP, which has been shown to be a safe and practical training program that enhances strength and hypertrophy (14, 16). has been considered as another factor that could significantly reduce TG level following trainings. It seems that daily energy expenditure is the primary determinant of TG level (23) . Therefore, resistance training with blood flow restriction might increase the rate of basic metabolism caused by increased muscle mass. Previous studies showed that resistance training could reduce TG level by increasing activity of lipoprotein lipase. The enzyme releases fatty acids from the TG in fat and muscle tissue, which in turn increases the catabolism of TG and TG-rich lipoproteins and facilitates the removal of TG from the bloodstream. What justifies this mechanism is that such decrease in the TG level takes place even with no change in the body composition (24) . It seems that angiogenesis is the main mechanism for the long-term effects of BFRT (25) . Angiogenesis coordinates functions of endothelial cells toward formation of new blood vessels from pre-existing vessels. This physiological adaptation mechanism compensates for increased metabolic demand of the tissue by increasing TG uptake from the blood. Release of metabolites such as No significant difference was observed in the TC (F=0.647, p=0.413), HDL (F=1.519, p=0.267) and LDL (F=1.914, p=0.549) levels between the three groups ( Table 2) . Comparison of the results of pretest and posttest showed no significant change in the HDL, TC and LDL levels between the BFR and TRT groups. However, we found a statistically significant
DISCUSSION
We found that both traditional high intensity resistance training and the low intensity-BFRT significantly decreased TG level compared to the control group. This finding is consistent with reports of some previous studies (5, 6, 17) . However, Heydarpour et al. reported that 10 weeks of resistance exercise had no significant effect on the lipid profile of premenopausal women (18) . Hosseini Kakhak et al. also reported that eight weeks of strength training (four sessions a week) at 60-70% of 1RM had no significant effect on the lipid profile of obese girls (19) . They proposed that longer training periods at higher intensity might have more favorable effects on TG and TC levels. Moreover, Vincent et al. demonstrated that six weeks of strength training had no significant effect on the lipid profile of inactive men (7). The contradictory results for the level of TG could be due to the association of TG with reduction of body-fat percentage and exerciseinduced alterations in body composition. Similarly, the response to training programs depends on several factors including age, gender, basic TG levels, physical fitness and duration, intensity, volume and diversity of the training program (21, 22 our study, verification of this statement requires more detailed evaluations. Since the TG reduction was observed only in the BFR and TRT groups, it is difficult to determine whether this change was induced by exercise or normal day-to-day variation. Although we instructed the participants to maintain their normal diet during the training period and prior to blood collection, we did not monitor or restrict their diet, which could be considered a limitation for the present study.
CONCLUSION
Our results indicate that eight weeks of low intensity-BFRT and high intensity-TRT reduce TG level but do not improve TC, HDL and LDL levels in overweight females. For this reason, BFRT and TRT may not be suitable non-pharmacological interventions for preventing or reversing the physiological changes induced by obesity.
adenosine, nitric oxide and bradykinin due to blood flow restriction could be another possible mechanism. Hypoxia and ischemia caused by occlusion training could increase vascular endothelial growth factor (VEGF) and endothelial progenitor cells, which might improve the endothelial function (26) . In addition, tissue ischemia and shear force are both major stimulators for the release of endothelial progenitor cells from the bone marrow into the blood. Moreover, increase in hypoxia-1 induced factor (HIF-1) is known to regulate the expression of VEGF gene. Studies indicate that HIF-1, even in the absence of hypoxia, could be activated by factors such as nitric oxide (27) . Furthermore, it has been found that mechanical pressure due to muscles movement stimulates nitric oxide release and subsequently plays a key role in activation of VEGF signaling pathway (27) . It can be concluded that the increased capillary bed and blood flow to the muscles and other tissues due to angiogenesis might contribute to the reduction of TG level. In this study, we observed that the strength trainings with blood flow restriction had no significant effect on body weight and BMI. The weight remained constant possibly due to increased muscle mass and decreased fat mass. However, since body fat was not evaluated in
